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(57) A method of coupling a tubular member to a 
preexisting structure, comprising: positioning the 
tubular member 155 in an overlapping relationship 
to the preexisting structure; placing a mandrel 145 
within the tubular member; seating off an annular 
region within the tubular member above the 
mandrel by seating a stationary member and sealing 
a non-stationary member; pressurizing the annular 
region; 175 displacing the mandrel with respect to 
the tubular member; and rerhoving fluids within the 
tiibular member that are displaced by the 
displacement of the mandrel by passing the 
removed fluids irtside of the annular region. The 
preexisting structure may be a we|lbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 
The present application claims the benefit of the filing date of U.S. provisional 
patent application serial nd. 60/183.546. attorney docket no. 25791.10. filed on 
5 2/1 8/2000, the disclosure of which is incorporated herein by reference. 

This application is a continuation-in-part of U.S. Serial No. 09/559,122, attorney 
docket number 25791.23.02, filed on 4/26/2000. which claimed the benefit of tile filing 
date of U.S. provisbnal patent application serial number 60/131,106, filed on 
4/26/1999, which was a continuation-in-part of U.S. patent applk:ation serial number 
10 09/523.460, attorney docket number 25791.1 1.02. filed on 3/10/ 2000, which claimed 
tt)e benefit of ttie filing date of U.S. provisional patent application serial np. 60/124,042, 
filed on 3/11/1999. which was a continuation-in-part of U.S. patent application serial 
number 09/510.913. attorney docket number 25791.7.02. which claimed tt>e benefit of 
tt>e filing date of U.S. provisional patent application serial number 60/121,702. filed on 
15 2/25/1999. whi(^ was a continuation-in-part of U.S. patent application serial number 
09/502,350, attorney docket number 25791.8.02. filed on 2/10/2000, which claimed the 
benefit of the filing date of U.S. previsional patent applk:ation serial number 
60/119.611, attomey docket number 25791.8. filed on 2/11/1999. which was a 
continuation-in-part of U.S. patent application serial number 09/454,139, attomey 
20 docket number 25791.3.02. filed on 12/3/1999. whk:h claimed the benefit of tile filing 
date of U.S. provisk>nal patent applk^ation serial number 60/111,293. filed on 
12/7/1998. 

The present application is related to tiie following U.S. patent applications: (1) 
utillly patent application number • attomey docket number 25791 !9.02. 

25 filed on 11-16-1999. which claimed the beneifit of ttie filing date of provisional patent 
applteation number 60/108.558, attorney docket number 25791.9. filed on 1 1-16-1998; 

(2) utility patent application number , attomey docket number 25791 .3.02. 

filed on 12-3-1999, which claimed ttie benefit of ttie filing date of provisional patent 
apptteation number 60/111.293. attomey docket number 25791.3. filed on 12-7-1998; 

30 (3) utility patent application number ■ . . attorney docket number 

25791.8.02, filed on 2-10^2000, which claimed ttie benefit of the filing date of 
provisional patent application number 60/119,611. attomey docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121,702, attorney- 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent application number 

35 60/121,841, attomey docket number 25791.12. filed oh 2-26-1999; (6) provisional 
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patent application number 60/121,907. attorney docket mrrbw 25791.16, filed on 2- 
26-1999; (7) provisional patent application numl>er 60M24.042, attorney docket number 
25791.11. filed on 3-11-1999: (8) provisional patent appiicatkxi number 60/131,106. 
attorney docket number 25791.23, filed on 4-26-1999; (d) provlstonal patent application 

5 number 60/137.998. attorney docket number 25791.17, filed on 6-7-1999; (10) 
provlstonal patent appllcatton number 60/143.039, attorney docket number 25791.26. 
filed on 7-9-1999; (11) provlstonal patent appllcatton number 60/146.203. attorney 
docket number 25791.25; filed on 7-29-1999; (12) provisional patent application 
number • , attorney docket number 25791.29, filed on 9-16-1999; (13) 

10 provlstonal patent applicatton number ' attorney docket number 

25791.34, filed on 10-12-1999; (14) provisional patent applteatton number , . 

attorney docket number 25791.36. filed on 10-12-1999; (13) provisional patent 
applicatton number 60/159,033. attorney docket nunlber 25791.37. filed on 10-12- 
1999; (15) provlstonal patent application number ' ■ attorney docket 

15 number25791.27. filed on 11-01-1999. 

Af^cants incorporate by reference tiie disclosures of ttiese appltoatlons. 

Background of the Inventton 
This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expahdabto tubing. 

20 Conventionally, when a wrellbore is created, a number of casings are installed In 

ttie borehole to prevent collapse of tiie.borehole \Mall and to prevent undesbed outflow 
of drilling fluid into ttie formatton or Inflow of fluid from ttie fonmation Into flie borehoto. 
The borehole Is drilted in intervals whereby a casing whfch is to be Installed In a tower 
borehote interval is lowered through a prevtously InstaHed casing of an upper borehoto 

25 interval. As a consequence of ttils procedure ttw casing of ttie lower Interval is of 
smaltor diameter than tt« casing of the uppw Interval. Thus, flw casings are In a . 
nested arrangement wtth casing diameters decreasing In downward direcfion. Cement 
annull are provided between ttie outer surfaces of ttie casings and ttie borehote wall to 
seal ttie casings from ttie borehoto wall. As a consequence of ttils nested arrangement 

30 a retotfveiy large bmehoto dtometer Is required at ttie upper part of ttie wellbore. Such 
a large borehoto diameter involves increas(9d costs due to heavy casing handling 
equipment, large drill bite and Increased volumes of drilling fluid and drill cutttngs. 
Moreover, Increased drilling rig time is Involved due to required cement pumping, 
cement hardening, required equipment changes due to torge vartottons in hole 
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diameters drilled In the course of the well, and the large volume of cuttings dniled and 
removed. 

Conventionally, at the surface end of the wellbore» a wellhead is fomned that 
typically includes a surface casing, a number of production and/or drilling spools. 
5 vaMng, and a Christmas tree. Typically the wellhead further includes a concentric 
arrangement of casings including a production casing and one or more intermediate 
casings. The casings are typically supported using load bearing slips positioned above 
the ground. The oonventibnat design and construction of wellheiads is expensive and 
complex. 

10 Conventionally, a wellbbre casing cannot be f onned during the drilling of a 

weilbore. Typically, the wellbore is drilled and then a wellbore casing is fonned in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming or more of the limitations of 
the existing procedures for fomiing wellbores and wellheads. 

15 Summary 

According to another embodiment of the present inventiori. a method of 
expanding a tubular member is provided that includes placing a mandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular member. 

20 According to another embodiment of the present invention, an apparatus for 

radially expanding a tubular rhember is provided that includes a first tubular member, a 
second tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the second tubular member, a first 
annular sealing member for sealing an interface between the first and second tubular 

25 members, a second annular sealing member for sealing ah interface between the 
second and third tubular members, and a mandrel positioned within the first tubular 
member and coupled to an end of the third tubular memt>er. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 

30 the tubular member' positioned within the tubular meifnber, and ari annular chamber 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluids put of the tubular member. 

According to another embodiment of the present inverition, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 

35 preexisting structure. The tubular member is coupled to the preexisting structure by 



3 



the process erf: positioning the tubular merhber in an overlapping relationship to the 
preexisting stmcture, placing a mandrel within the tubular member, pressurizing an 
annular region wtthin the tubular member above the mandrel, and displacing the 
nftandrei virith respect to the tubular rnember. 
5 According to another embodiment of the present Invention, a method of 

expanding a tubular member is provided that includes preforming the tubular member 
to include a first portion, a second portion, and a third portion, placing a mandrel within 
the second portion of the tubular member, pressurizing a region within the tubular 
member, and displacing the mandrel with respect to the tubular member. The inside 

10 diameter of the second portion of the tubular member is greater than the inside 
diarnejters of the first and third portions of the tubular nriembe^^ 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular rr^mber is provided that includes a first tubular mmiber, 2( 
second tubular member coupled to the first tubular member, a third tubular member 

15 coupled to the second tubular member, and a mandrel positioned within the second 
tubular member and coupled to an end portion of the third tubular memt>er. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular members. 

According to another embodiment of the present invention, an apparatus is 

20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand the diameter of the tubular member positioned within the 
second portion of the tubular member, the piiston including a passage for conveying 
fluids out of the tubular member. The inside diameter of the second portion, of the 
tubular member is greater than this inside diameters of the first and third portions of the 

25 tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting stmcture. The tubular member is coupled to the preexisting structure by 
the process of. preforming the tubular nnember to include first, second, and third 

30 portions, positioning the tubular nnember in an overlapping relationship to the 
preexisting structure; placing a mandrel within the second portion of the tubular 
member, pressurizing an Interior region within the tubular memt)er, and displacing the 
mandrel with respect to the tubular memt)er. The Inside diameter of the second portion 
of the tubular member is greater than the inside diameters of the first and third portions 

35 of the tubular member. 



The present embodiments of the invention provide methods and apparatus for 
fomiing and/or repairing weflbore casings, pipelines, and/or stmctural supports by 
radially expanding tubular members. In this manner, the fomiation and repair of 
weBbOTB casings, pipelines, and structural supports is improved. 

Brief Description of the Drawings 
FIG. la is a fragmentary oDss-siBdion Illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. lb is another fragmentary cross-sectional illustration of the apparatus of 
FIG. la 

FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 
RG.1a. 

FIG. 2a is a fragmentary cross-section Illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. .2a. 

FIG. 2c » another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

FIG. 2d ts another fragrhehtary cross-sectional Illustration of the apparatus of 
FIG. 2a 

FIG. 2e Is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

Detailed Description of the Wustrative Embodiments 
Referring now to FIGS, la, lb and Ic, an apparatus 100 for expanding a 
tubular member will be described. In a preferred embodiment, the apparatus 100 
Includes a support member 105. a packer 1 10, a first fluid conduit 1 15. an annular fluid 
passage 120. fluid inlets 125. an annular seal 130. a second fluid conduit 135. a fluid 
passage 140. a mandrel 145. a itiandrej launcher 150, a tubular member 155. slips 
160. and seals 165. In a pretend embodiment, the apparatus 100 Is used to radially • 
expand the tubular member 155. In this manner, the apparatus 100 may be used to 
fbmi a welibore casing, line a wellbore casing, form a pipeline, line a pipeline, Urnn a. 
stmctural support member, or repair a wellbore casing, pipeline or structural support 
member. In a prefened embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the pad<er 110 and the 
rnandrel launcher 150. The support member 105 preferably is a tubular member 



fabricated from any number of conventional commerdaliy available materials such as, 
for example, oilfield country tubular goods, low alloy steel, carix)n steel, or stainless 
steel. The support memt)er 105 is preferably setected to fit through a preexisting 
section of wellbore casing 170. tn this manner, the apparatus 100 may be positioned 
5 within the wellbore casing 170. In a prefen^ embodiment, the support member 105 is 
reieasabiy coupled to the mandrel launcher 150. In this manner, the support member 
105 may be decoupled frorn the mandrel launcher 150 upon the completion of an 
extrusion operation. ^ 

The packer 1 1 0 is coupled to the support member 1 05 and the first fluid conduit 

10 115. Hie packer 110 preferably provMes a fluid seal between the outside surface of 
the first fluid conduit 115 and the inside surface of the suppwt memt>er 105. In this 
manner, the packer 110 preferably seals off and, In combination with the support 
member 105, first fluid conduit 1 15, second fluid conduit 135, and mandrel 145, defines 
an annular chamber 175. The packer 110 may be any number of conventional 

15 oommerctally available packers modified in accordance with the teachings of fhe 
. present disclosure. In a preferred embodiment, the packer 110 is an RtTS packer 
available from Halliburton Energy Services in order to optimally provkie high load and 
pressure oontainnrtent capacity while also allowing the packer to be set and unset 
multiple tirhes without having to pull the packer out of the wellbore. 

20 The first fluid conduit 115 is coupled to the packer 110 and the annular seal 

130. The first flukj conduit 115 preferably Is an annular memt>er fabricated from any 
number df conventibnal commerdaliy available materials such as, for ^omple, oiifiekl 
country tubular goods, tow alloy steel, carbon steel, or stainless steel. In a pr^erred 
embodiment, the first flukJ conduit 115 includes ohe or more fluM inlets 125 for 

25 conveying flukJic nDaterials from the annular fluid passage 120 into the chamber 175. 

The annular fluid passage 120 is defined by and piDsKioned between the interior 
surface of the first flukJ conduit 1 15 and the. interior surfeice of the second fluM conduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic materials 
such as cement, water, epoxy. lubricants, and slag mix at (grating pressures and flow 

30 rates ranging from about 0 to 3,000 galtons/minute and 0 to 9,000 psi in order to 
optimally provide flow rates and operatkxiat pressures for the radial expansion process. 

The fluid inlets 125 are positioned in an end portton of the first fluid conduit 115. 
The fluid inlets 125 preferably are adapted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag nnix at operating pressures and flow rates ranging 
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from about 0 to 9,000 psi and 0 to 3.000 galtons/minute In order to optimally provide 
flow rates and operatfonal pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 interior surface of the first fluid conduit 1 15 arid the exterfor surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal betweeri the intertor 
surface of the first fluid conduit 1 1 5 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fiuid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
10 availabie seals such as. for example. O-rings, polypak seals, or metal spring energized 
seals. In a pretierred embodiment, the annular seal 130 is a polypak seal available 
finom Parker Seals. 

The second flukJ oonduH 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluM conduit preferably is a tubular member fabricated from 
15 any number of conventtonal commercially a^laUe materials such as. for example, 
coiled tubing, oilfield cour^ tubular goods, tow altoy steel, stainless steel, or tow 
cartxm steel. In a preferred embodiment, the second fluid conduit 135 is adapted to 
convey fluMte materials suqh as cement, water, epoxy. lubricants, and slag mix at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
galtonsAninute In order to optimally provkle flow rates and operatkinal pressures for the 
radial expansion process. 

The fluid passajge 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred embodiment, flie fluM passage 140 is adapted to convey 
flufcjk: li^teriais such as cement, water, epoxy. lubricante. and slag mbt at operating 
pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3.000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expanston process. 

The mandrel 145 is coupled to the second fluid conduit 135 and Am mandrel 
launcher 150. The mandrel 145 preferably are an annular nf»ember having a conic 
section fabricated from any number of conventional comnrterdaiiy available materi£ris 
such as. for example, machine tool steel, ceramtes, tungsten carbide, titanium or other 
high strength alloys. In a preferred embodiment, the angle of ttie conic section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular mernber 155 in the radial direction. In a preferred 
embodiment, the surface of the conic section ranges fiiom about 58 to 62 Rockwell C In 



order to optimally provide high yield strenjgth. In a preferred embodiment, the 
expansion oone 145 Is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abraston resistance and 
fracture toughness. In an alternative embodiment, the mandrel 145 is expandibie in 
order to further optimally augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support nrtembef 105, the mandrel 
145. and the tubular nriember 155. The nrwndrel launcher 150 preferably are a tubular 
member having a variable cross-section and a reduced wall thickness in order to 
facilitate the radial expansion process. In a prefenred embodlnrmnt, the cross-sectional 
area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145, 
and at the other erKl. the cross-sectional ar$a of the mandrel launcher 150 Is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wall thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of ttie wall thickrtess of the tubular member 155 in order to facilitate the Initiation 
of the radiail expanston process. 

The nfiandrel launcher 150 may be fabricated from any number of conventk>nal 
commercially available materials such as, for example, olffieM country tubular goods, 
bw aitow steel, steinless steel, or cart>on steel: In a preferred embodiment, VhB 
mandrel launcher 150 is fabricated from pilfiekl country tubular goods having higher 
strength but tower wall thickness than the tubular menrd>er 155 in order to optimally 
mateh the burst strength of the tubular memb^ 155. In a preferred embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be renfx>ved from the wellbore 180 upon the 
completion of an extrusion operation. 

in an alternative embodirnent the support member 105 and the mandrel 
launcher 150 are integrally formed. ; In this attemattve embodiment,, the suf^ort 
member 105 preferably terminates above the top of the packer 110. In this alternative 
embodiment, the fluid conduite 115 and/or 135 provkle structural support for the 
apparatus 100. using the packer 1 10 to couple together the etements of the apparatus 
100. In thfe alternative emtxxJiment, in a preferred embodiment, during the radial 
expansion process, the packer 110 may be unset and reset after the slips 160 have 
anchored the tubular member 155 to the previous casing 170. within the tubular 
mernber 155. between radial expansion operations. In this marine!^, the packer 110 is 
moved downhote and the apparatus 100 is re^stroked. 



The tubular merrtjer 155 is coupled to the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 155 preferably Is a tubular member fabricated from 
any number of conventional commercially available materials such as. for example, low 
alloy steel, carbon steel, stainless steel, or oilfield country' tubular goods. In a preferred 
5 embodiment, the tubular member 1 65 is fabricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structur6 upon the radial expansion of the tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 
10 The slips 160 may be any number of conventional commercially available slips such 
as, for example, RTTS packer tungsten carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanicai slips. In a prefenned embodiment, the slips 160 are RTTS packer tungsten 
carfokte mechanteal slips avaiiabie from Halliburton Energy Services. In a preferred 
15 enibodiment the sfips 160 are adapted to support axial forces ranging from about 0 to 
. 750.000 Ibf. 

Tlw seals 165 are coupled to the outskJe surface of the tubular member 155. 
The seals 165 preferably provMe a lluidic seal between the outside surface of the 
expanded tubular member 155 and the biterbr walls of a casing, pipeline or other 

20 structure upon the radial expanskan of the bAnOar member 165. In tMs manner, the 
seals 165 provMe a flukilc seal for the expanded tubular member 155. The seals 165 
may be any number of conventional cornmerdally available seals such as. for example, 
nitrite mbber. lead, Aflas rubber. Tefton. epojy, or other elastomers. In a preferred 
embodiment, the seals 165 are rubber seals avaiiabie from numerous commercial 

25 vendors in order to optimally provkJe protoure dealing and load bearing capacity. 

During operation of the apparatus 100. the apparatus 100 is preferably iowered 
into a wellbore 180 having a preexisting section of wellbore casing 170. In a preferred 
embodiment, the apparatus 100 is positioned with at least a portion of the tubutar 
member 155 overiapping with a portkw) of the vi«llbore casing 170: In this manner, the 

30 radial expanston of the tubular member 1 55 will preferably cause the outside surface of 
the expanded tubular member 155 to couple with the inside surface of the wellbore 
casing 170. In a preferred embodiment the radial expanston of the tubular member 
155 will also cause the slips 160 and seals 165 to engage with the interior surface of 
the weflbore casing 17Q. In this manner, the expanded tubular member 155 is provkled 
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with enhanced structural support by the sPips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated in FIG. lb, after placenient of the apparatus 100 in an overlapping 
r^tionship with the wellbore casing 170, a fluidic material 185 is preferably pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
preferred embodiment, the fluidic material is pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increase the operating 

10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
meml)er 155 off of the ftK::e of the mandrel 145. The extrusion of the mandrel launcher 
150 ar)d tut>uiar member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
noember 155 to expand In the nadlal directton. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 185 is reduced during the latter stages of the extrusion process in order to 
minvnize shock to the apparatus 100. in a preferred embodiment, the apparatus 100 

20 Indudes shock absort)ers for absorbing the shock caused the completion of the 
extruston process. 

In a preferred embodiment, the exbusion process causes the mandrel 145 to 
move in an axial directk>n 185. During the axial movement of the nnandrel, in a 
preferred embodiment, the fluid passage 140 ponveys fluidic material 190 displaced by 
25 the moving mandrel 145 out of the wellbore 180. in this manner, the operattonal 
efficiency and speed of the extrusion process is enhanced. 

in a preferred embodiment, the extrusion process indudes the injection of a 
hardenable flukilc material into the annular regbn between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
30 theexpanded tubular menlber 155 and the interior walls of the wellbore 1^ 

As illustrated in FIG. 1c, in a prefenred embodiment, upon the completion of the 
extrusion process, the support member 105. packer 110, first flukl conduit 1 1 5, annular 
seal 130. second fluid conduit 135, mandrel 145, and mandrel launcher 150 are moved 
from the wellbore 180. 
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In an alternative embodhnent. the apparatus 100 is used to repair a preexistirtg 
vyellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member 155 preferably Include slips 160 and seals 165. 

In an alternative embodiment, the apparatus 100 Is used to form a tubular 
5 stmctural support for a building or offshore structurB. 

Referring now to FIGS. 2a. 2b, 2c 2d. and 2e. an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 200 
includes a support member 205. a mandrel launcher 210. a mandrel 215. a first fluid 
passage 220. a tubular member 225. slips 230. seals 235. a shoe 240. and a second 
10 fluid passage 245. In a preferred embodiment, the apparatus 200 is used to radially 
expand the mandrel launcher 210 and tubular member 225. In this manner, the 
apparatus 200 may be used to form a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, fonn a structural support member, or repair a wellbore casing, 
pipeline or structural support member. In a prefemed embodiment, the apparatus 200 
15 is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
The support meinber 205 preferably is a tubular member fabricated from any number 
of conventional oommerdally available nfiaterials such as. for example, oilfield country 
tubular goods, low alloy steel, carbon isteel. or stainless steel. The support member 
205, the mandrel launcher 210. the tubular member 225. and the shoe 240 are 
preferably selected to fit through a preaxisting section of wellbore casing 250. In this 

manner, the apparatus 200 may be positioned within the wellbore casing 270. In a 
preferred embodiment, the support member 205 is reieasably coupled to the irandrel 

25 launcher 210. In this manner, the support mismber 205 may be decoupled from the 
mandrel launcher 210 upori the completion of an extrusion operation. 

The mandrel laundter 210 Is coupled to the support member 205 and the 
tubular member 225. The mandrel laurKher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall thfckneiss in order to fedlitate the 

30 radial expansion process. In a preferred embodiment, the cross-sectional area of the 
mandrel launcher 210 at one end Is adapted to mate with the mandrel 215. and at the 
other end, the cross-sectional area of the mandrel launcher 210 is adapted to match 
the cross-sectional area of the tubular member 225. in a prefen^d embodiment, the 
wa« thickness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 in order to facilitate the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield country tubular goods, 
low allow steel, stainless steel, or carbon steel. In a preferred embodiment, the 
mandrel launcher 210 Is fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the tubular member 225 in order to optimally 
match the burst strength of the tubular member 225. In a prefenned embodiment, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In this 
manner, the mandrel launcher 210 may be removed from the wellbore 260 upon the 
completion of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic sectton fabricated from any number 
of conventional commercially available materials such as« for example, machine tool 
steel, ceramics, tungsten carbide, titanium or other high strength alloys. In a preferred 
embodiment, the angle of the conte sectton of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
member 225 in the radial direction. In a prefenBd embodiment, the surface of the conic 
section ranges from about 58 to 62 Rockwell C in order to optimally provide high yiekl 
strengtti. In a prefenned embodiment, ttie expanston cone 215 i$ heat treated in order 
to optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion reslstarioe and fracture toughness. \n an alternative 
embodiment, ttie mandrel 215 is expandible in order to furttier optimally augment the 
radial expansion process. 

The fluM passage 220 is positioned wittiin the mandrel 215. The fluid passage 
220 is preferably adapted to convey fluidic materials such as cement, water, epoxy, 
kibricants. and slag mbc at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 galtons/minute In order to optimally provide flow rates and 
operational pressures for ttie radial expansion process, the fluid passage 220 
preferably includes an inlet 265 adapted to receive a plug, or otiier similar devk». in 
this manner, the interior chamber 270 above the mandrel 215 may be fluididy isoiated 
from tile interior chamber 275 below ttie mandrel 21 5, 

The tubular member 225 is coupled to ttie mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 
from any number of conventional commercially available materials such as, for 
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example, tow altoy steel, carbon steel, stainless steel, or oHfleld country tubular goods. 
In a preferred embodiment, the tubular member 225 is fabricated from oilfield country 
tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
5 The slips 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of conventional ccmmerdally available slips such 
as, for example. RTTS paclcer tungsten carbide mechanical slips, RTTS padter vAcker 
10 type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips, in a preferred embodiment, the slips 230 are adapted to support 
axial forces ranging from about 0 to 750,000 Ibf. 

The seats 235 are coupled to the outside surface of the tubular member 225. 
The seals 235 preferably provWe a fluidic seal between the outside surface of the 
15 expanded tubular member 225 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular nr>ember 225. In tWs manner, the 
seals 235 provide a fluidic seal for the expanded tubular rhember 225. The seals 235 
may be any number of conventional oommerdalty available seals such as, for example, 
nitrite rubber, tead. Aflas nibber. T^on. epioxy or other elastomers, in a preferred 
20 embodiment, the seals 235 are conventional rubber seals available from various 
commercial vendors In onfer to optlmaiV provide pressure sealing and load bearing 
capacity. 

The shoe 240 is coupled to ttie tubular member 225. The shoe 240 preferably 
is a substantiafly tubular member having a fluid passage 245 for conveying fluidic 
materials from the chamber 275 to the' annular region 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional oomm^tiaiiy availabte shoes 
such as. for example, a Super Seal II float shoe, a Super Seal II Down-Jet float ?hoe. 
or a guide shoe with a seafing steeve fbr a latch down plug modified in accordance with 
the teachings of the present disclosure, In a prefsned embodiment, ttte shoe 240 is an 
aluminum down-jet guide shoe with a sealing sleeve for a latch down plug, avalable 
from Halliburton Energy Services, nwdifled in accordance with the teachings of ttie 
present disclosure, in order to optimally guide the tubular member 225 In the wellbore. 
optimally provide a fluidic seal between the interior and exterior diameters of the 
overlapping joint between the tubular members, and optimally facilitate the con^tete 
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drUltng out of the shoe and plug upon the completion of the cementing and radial 
expanston operations. 

During operation of the apparatus 200. the apparatus 200 is preferably lowered 
into a welltxTO 260 having a preexisting section of weltbbre casing 275. In a prefenred 
5 embodiment, the apparatus 200 is positioned with at least a portion of the tubular 
member 225 overiapping with a portion of the welibqre casing 275. In this manner, the 
radial expanston of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wetlbore 
casing 275. In a prefen^d embodiment the radial expansion of the tubular member 
to 225 will also cause the slips 230 and seals 235 to engage with the interior surface of 
the wellbore casing 275. In this manner, the expanded tubular member 225 is provided 
with enhanced structural support by the slips 230 and an enhanced fluid seal by the 
seals 235. 

As Illustrated in FIG. 2b. after placement of the apparatus 200 in an overiapping 

15 relationship with the wellbore casing 275, a fluidic material 280 fs preferably pumped 
into the chamber 270. The fluidic material 280 ttien passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 245. ahtf into the annular region 270. In a preferred 
embodiment, the fluidic rnaterial 280 is pumped into the chamber 270 at operating 

20 pressures and flow rates rangirig from about 0 to 9,000 psi and 0 to 3,000 
galtons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process., in a preferred embodiment, the fluidic material 280 Is a 
hardenaUe fluidic sealing material (n order to form a hardened outer annular member 
around the expanded tubular member 225. 

25 As Illustrated in FIG. 2c, at sonie later point in the process, a ball 285, plug or 

other similar device, is introduced Into the pumped fluidic material 280. In a preferred 
embodiment, the ball 285 mates with and seals oflf the inlet 265 of the fluid passage 
220. In this manner, the chamber 270 is fluldidy isolated fifom the chamber 275. 

As illustrated in FIG. 2d. after placement of the ball 285 in the inlet 265 of the 

30 fluid passage 220, a fluidic rnaterial 290 is pumped into the chamber 270. The fluidic 
material Is preferably pumped into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9.000 psi and 0 to 3.000 gallons/minute in order to 
provide optimal operating efficiency. The fluidic material '290 may be any number of 
conventional commercially available materials such as, for example, water, drilling 
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mud. cement, epoxy. or slag mix. In a preferred embodiment, the fluldic material 280 is 
a non^iardenable fluldic material in order to maximize operational efficiency. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases the operating pressure within the chaml)er 270. The increased opeiBting 
5 pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 arid tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand In the radial direction. Continued pumping of the fluidic material 290 preferably 
10 causes the entire length of the tubular member 225 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluldic 
material 290 is reduced during the latter stages of the extrusion process In order to 
minimize shock to the apparatus 200. In a preferred embodiment, the apparatus 200 
includes shock absorbers for absorbing the shock caused by the completfon of the 
15 extrusion process. In a preferred embodiment, the extnjston process causes the 
mandrel 215 to move m am axial directtori 295. 

As illustrated in FIG. 2e, in a preferred embodiment, upon the completion of the 
extruston process, the support nnember 205. packer 210. first flukJ conduit 215, annular 
seal 230, second fiuM conduit 235, mandrel 245, and mandrel launcher 250 are 
removed from the wellbore 280. In a preferred embodhnent, the resulting new section 
of wellbore casing includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips. 230, the seals 235, the shoe 240. and an outer annular layer 
4000 of hardened fhjidte material; 

In an altematiye embodiment, the apparatus 200 Is used to repair a preexisting 
5 wellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member 255 preferably include sfips 260 and seals 265. 

In an alternative embodiment, the apparatus 200 is used to fwm a tubular 
structural support for a bulMIng or offehore stmcture. 

In a prefened embodiment, the tubular membere 105 and 225; shoes 240; 
expansion cone launchers 150 and 210; and expanston cones 145 and 215 are 
provkJed substantially as described in one or more of the following U.S. patent 

applications: (1) utility patent application number _, attomey docket 

number 25791.9.02. filed on 11-16-1999. which claimed the benefit of the filing date of 
provisional patent application number 60/108,558. attomey docket number 25791.9. 
filed on 11-16-1998; (2) utility patent applicatton number . attomey docket 
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number 25791.3.02, filed on 12*3-1999, which claimed the benefit of the filing date of 
provisional patent application number 60/111,293. attorney dodcet number 25791.3, 
filed on 12-7-1998; (3) utility patent application number _______ attorney docket 

number 25791.8.02. filed on 2-10-2000, which claimed the benefit of the filing date of 
provisiondl patent application numt>er 60/119,611, attorney docket number 25791.8, 
filed on 2-11-1999; (4) proviskHial patent appltoatton number 60/121,702, attorney 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent applicatton number 
60/121,841, attorney docket number 25791.12, filed on 2-26-1999; (6) provisional 
patent application number 60/121,907, attorney docket number 25791.16, flted on 2- 
26-1999; (7) provisional patent application number 60/124^042, attorney docket number 
25791.11, filed on 3-11-1999; (8) provisional patent application number 60/131,106, 
attorney docket riumber 25791.23, filed on 4-26-1999; (9) provistonal patent application 
number 60/137.998, attorney docket number 25791.17, filed on 6-7-19^; (10) 
provisional patent application number 60/143,039, attorney docket number 257i91.26, 
filed on 7-9-1999; (11) provisional patent applicatton number 60/146,203, attomey 
docket number 25791.25, filed on 7-29-1999; (12) provisional patent applicatk>n 

number . attorney dodcet number 25791.29, filed on 9-16-1999; (13) 

provistonal patent application number • attomey docket numt>er 

25791.34, filed on 10-12-1999; (14) provisbnal patent application number , 

attcmey docket number 25791.36, filed on 10-12-1999; (13) provisional patent 
appiteatton number 60/159,033, attomey docket number 25791.37, filed on 10-12- 

c 

1999; (15) proviskmal patent applicatkm number " attomey docket 

number 25791.27, 'filed oh 11-01-1999. Applicants Incorporate by. reference the 
disdosures of these applications. 

Although illustrative, embodiments of the invention have been shown and 
described, a wide range of nxxfification, changes and substitutton is contemplated in 
the foregoing disdosure. In some instances, some features of the present inventkm 
may be empbyed without a correspondir^ use of the other features. Accordingly, it is 
appropriate that the appended daims be construed broadly and in a manner consistent 
with the*SGope of the invention. 
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Claims 

1- A methcxi of coupling a tubular member to a preexisting stwdure, comprising: 

positioning the tubular member in an overlapping relationship to the preexisting 
slfucture; 

placing a mandrel within the tubular member, 

sealing off an annular region within the tubular member above the mandrel by 
sealing 9 stationary member and sealing a non-stationary memben 
pressurizing the annular region; 

displacing the mandrel with respect to the tubular member; and 

removing fluids within the tubular manner that are displaced by the 

displacement of the mandrel by passing the removed fluids Inside of the annular 

region. 



Z An apparatus for coupling a tubular member to a preexisting structure, 
* 15 comprisir^; 

means for positicxiing the tubular member in an overiapping relationship to the 
preexisting structure; 

means for pladng a mandrel within the tubular member, 
means for sealing off an annular region within the tubular member above the 
20 mandrel by sealing a stationary member and sealing a non-stationary member, 
means for pressurizing the annular region; 

rneans for displacing the mandrel with respect to the tubular member, and 
means for removing fluids within the tubular member that are displaced by the 
displacement of the mandrel by passing the removed fluids inside ctf the annular 
25 region. 

3 An apparatus for radially expanding a tubular rneniber^coriiprislng^^ 
a flret tubular member; 

a second tubular member positioned within the firet tubular memben 
30 a third tubular member movably coupled to and positioned within the second 

tubular member; 

a first annular sealing member for sealing an interface between the first and 
second tubular members; 

a second annular sealing member for sealing an interface between the second 
35 and third tubular members; 

17 ' ^ ' 
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a mandrel positioned within the first tubular mefnt)er and coupled to an end of 
the third tubular memben . 

an annular chamber defined by the first tubular member, the second tubular 
member, the third tubular mernber, the first annular sealing member, the second 
5 annular sealing member, arnl the mandrel; 

a fluid passage defined by the third tubular member and the mandrel fluidtdy . 
coupled to an interior region of the first tubular member below the mandrel; and 

an annular passage defined by the second tubular member arid the third tubular 
. member fluidicly coupled to the annular chamber. 

10 

4. An apparatus, comprising: 
a first tubular memtor, and 

a second tubular member coupled to the first tubular member by the process of: 
positioning the second tubular member In an overiapping relationship to the first 
15 tubular member; 

placing a mandrel within the second tubular member; 

sealing off an annular region within the second tubular member above the 
mandr^ by sealing a stationary member and sealing a non-stationary member; 

pressurizing the annular region; 
20 displadng the mandrel with respect to the second tubular member; and 

removing fluids within the second tubular member that are displaoed by the 
displacement of the mandrel by passing the removed fluids Inside of the annular 
region. 
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